Background: Reduction in neonatal deaths has been a major challenge globally. To prevent neonatal deaths, improvements in newborn care have been promoted worldwide. The World Health Organization Western Pacific Regional Office has been promoting the Early Essential Newborn Care (EENC), a package of specific simple and costeffective interventions, in their region. However, mere introduction of EENC cannot reduce neonatal deaths unless quality of care is ensured. In Lao PDR, the government introduced self-managed continuous monitoring as a sustainable way to improve the quality of care described in the EENC.
Background
While the mortality rate for children under the age of five years has almost halved in the last 20 years globally, the neonatal mortality rate has not had such a dramatic reduction. In fact, the proportion of under-five child deaths due to neonatal mortality has increased worldwide [1, 2] . Approximately 7000 neonates died per day in 2015 mainly due to prematurity, birth-related complications (birth asphyxia) and neonatal sepsis [2] . In the Western Pacific Region, more than 70% of child deaths are due to neonatal complications, and one neonate dies every two minutes [3, 4] . Given that complications in the first month of life have become the leading cause of death in children under five, actions to improve neonatal health have become tremendously important to achieve Sustainable Development Goal 3 in 2030 [5] . Simple methods can be applied to prevent neonatal deaths and complications due to preventable factors within the first 24 h of birth, during which about half of all neonatal deaths occur [3, 6, 7] .
Essential Newborn Care (ENC) is an evidence-based and effective measure to prevent newborn deaths and is recommended globally [8] [9] [10] [11] . Helping Baby Breathe and the Neonatal Resuscitation Program are wide-spread educational programs that provide training materials for health care providers that focus on improvements in neonatal resuscitation in addition to providing information on essential skills [8] . Early Essential Newborn Care (EENC) aims to prevent early neonatal deaths by changing routinely implemented harmful practices through coaching involving a set of specific simple actions in birth assistance. The EENC does not require special medical equipment or medications and can be implemented in resource-limited countries. It is an officially recognised program by the World Health Organization (WHO) and the United Nations Children's Fund (UNICEF) and is distinguished from ENC. The scale up of EENC activities is led by the Western Pacific Regional Office (WPRO) of the WHO, and 27,000 health workers in over 2000 facilities have been trained under this program in 8 prioritised countries in the region [9, 10] . It is estimated that at least 50,000 neonatal deaths could be averted by applying the EENC each year in the Western Pacific Region [9] .
Lao People's Democratic Republic (Lao PDR) had the highest neonatal mortality rate (27. 2 neonatal deaths per 1000 live births in 2012) in the WHO Western Pacific Region [3, 9] . In 2015, adopting the EENC in Lao PDR to accelerate the reduction in neonatal deaths was therefore seen as a priority. The country is divided into 18 provinces, which are themselves divided into smaller districts. The Lao PDR health facilities are composed of central hospitals in the Vientiane capital, provincial hospitals in each province capital and district hospitals. The EENC was introduced in central hospitals and then expanded to 17 of the 18 provinces in 2016. The government committed to a plan of rolling out the EENC to district hospitals in 2017.
Along with the expansion of the program, retention of knowledge and practical performance have become issues of interest to provide quality in EENC, especially at the district level. Previous studies showed that neonatal resuscitation training improved participants' knowledge, skills and performance; however the long-term effect of such training on the retention of knowledge, skills and performance remains uncertain [11] [12] [13] . Another study suggested that training improved the level of knowledge and skills but did not change daily practice [14] . These studies suggested that different mechanisms to maintain skills, knowledge and performance of EENC for a prolonged period after training would be necessary. The introduction of EENC can only be effective in reducing neonatal deaths long-term if routine EENC of high quality is maintained. Health workers' competency is known to be critical for service quality [15] . Core competencies for midwifery care have been defined by the International Confederation of Midwifes as the demonstration by health workers of knowledge, skills and appropriate behaviour [16] .
Although an external supervisory visit is a common method to promote behavioural changes among health workers and to maintain quality of care in many countries, it is not feasible in resource-limited settings due to budgetary and human resource demands. Furthermore, systematic reviews examining the use of supervision as a method to improve quality of care in low-and middle-income countries reported mixed evidence of the effect of supervision on quality improvement [17] [18] [19] . In Lao PDR, there is only a limited capacity to implement routine supervision. In addition, efforts made by district hospitals to solve problems after the supervisory visits are insufficient and, eventually, problems remain unsolved [20] .
Self-managed continuous monitoring requires a lower budget and is considered more feasible than external supervisory visits. To build a sustainable system for continuous quality improvement, self-managed continuous monitoring was introduced in Lao PDR with support from the WHO. Self-managed continuous monitoring is expected to improve health workers' knowledge and technical skills and to promote daily EENC practice [21] . However, little is known about the effectiveness of self-managed continuous monitoring on quality of care compared to that of external supervisory visits.
Study objectives
This study aims to test whether in Lao PDR, a resourcelimited country, self-managed continuous monitoring of activities for the EENC conducted by health workers involved in maternity and newborn care in district hospitals improves health workers' behaviour (routine performance of standardised EENC) as well as retention of knowledge and skills after the EENC coaching. We have set determinants of EENC performance as a primary outcome because previous studies have pointed out that changing behaviour of health workers is difficult but key to providing appropriate care for patients. The determinants are factors that can predict future performance of EENC. We have selected Lao PDR because it has been a prioritised country in the Western Pacific Region and EENC has been strongly promoted in that country.
The specific objectives of this cluster randomized trial are: We expect that our findings will inform decision makers on the effectiveness of the self-managed continuous monitoring model at the district level and provide them with useful information to then design an effective monitoring system. We trust the lessons learnt from Lao PDR to be applicable to other resource-limited countries.
Methods/design

Trial design
This study is a cluster randomized controlled trial with four strata based on province and history of attendance for EENC coaching. It aims to evaluate superiority of self-managed continuous monitoring over supervision. It is a two-armed parallel group study. Allocation ratio is 1:1 within the same stratum.
Study setting
This study targets district hospitals in Xiengkhuang and Huaphanh provinces of Lao PDR. The level of maternal and child health coverage of these two provinces corresponds to the national average [22] , and the government usually selects these two provinces to test new interventions.
The clusters, or district hospitals, will be divided into four strata by location (Xiengkhuang or Huaphanh) and by history of attendance of EENC coaching. Clusters will then be chosen from each of the strata. We will evaluate the overall effects of the intervention on the outcome but will not conduct stratified analyses.
Of note, the two provinces are different in several aspects such as road conditions, culture and economic status. Huaphanh province has a larger number of poor and remote villages, and health outcomes in this province are worse than in Xiengkhuang [22, 23] . Indeed, capacity of health staff is said to be higher and medical facilities better equipped in Xiengkhuang [24, 25] . To remove the effect of these differences between the two provinces, the clusters are divided by province.
Two district hospitals in each province received EENC coaching in 2016. The other district hospitals will receive EENC coaching upon entry into this study. Within one and a half days, the EENC coaching provides information on the theoretical rationale for EENC and teaches health workers EENC technical skills. Given that district hospitals that have already received EENC coaching might have different levels of determinants of EENC performance, knowledge and skills compared to districts that have not, the district hospitals will be divided based on a history of attendance to receive EENC coaching.
This study is led by the Teikyo University Graduate School of Public health in collaboration with the Lao Ministry of Health (MoH) and the WHO. The MoH has reviewed and agreed on the study protocol. Although the research team will mainly lead this study, the MoH will be responsible for conducting the EENC coaching and supervision in district hospitals. MoH will also be involved in incorporating the study results into the country's policy.
Participants and eligibility criteria Inclusion criteria
Health workers who are routinely involved in maternal and newborn care and have received EENC coaching in the target district hospitals are eligible to join this study. Health workers include obstetricians, paediatricians, midwives, nurses and other types of health workers. The eligible participants need to provide written informed consent.
Exclusion criteria
To minimise loss to follow up, we will exclude those who are scheduled to leave their current workplace or retire within one year.
Recruitment and allocation Recruitment
After identifying eligible participants, written informed consent will be obtained from each. To obtain sufficient numbers of participants from each district hospital and to minimise loss to follow up, we will involve all district hospital directors. Directors will usually monitor, supervise and encourage their staff in their duties. Getting directors' participation is therefore critical. Researchers, together with provincial and district staff, will set up a schedule to ensure that all participants are in the district hospital at the time of data collection or supervision. In the intervention group, central and provincial staff will also remind district directors and local staff to conduct self-managed continuous monitoring and submit reports. The expected enrolment period is July 20th, 2017 to July 20th, 2018.
Allocation
There will be 6 clusters (district hospitals) in Xiengkhuang and 9 clusters in Huaphanh province. Clusters in each province will be divided into two strata based on history of attendance of EENC coaching, and then will be randomized to two intervention groups (self-managed continuous monitoring and supervisory visits) within each stratum following random allocation rule with urn model. Figure 1 summarizes how district hospitals will be allocated to two intervention groups.
Blinding
Blinding of participants would be difficult in this study due to the nature of the intervention. We will choose assessors amongst central and provincial officials who do not know about the allocation. Standardised checklists will be used for outcome measurement to minimise bias. Team members who manage data will be blinded until the code is open. Members who analyse data will also be kept blinded.
Intervention
Intervention group: Self-managed continuous monitoring Self-managed continuous monitoring is monitoring conducted by the recruited health workers in each district hospital following the Ministry of Health guidelines (Additional file 1). In the self-managed continuous monitoring group, district health workers will form a multi-disciplinary team with representatives from both maternity and paediatrics and the team will hold quarterly feedback meetings to discuss solutions and make action plans based on the results of the periodic peer evaluation of clinical practice and interviews of mothers of neonates. After randomisation, training to introduce self-managed continuous monitoring will be conducted for the intervention group. The peer evaluation and interviews will be conducted at every birth after randomisation. Provincial officials will remind the districts to submit quarterly reports after their self-managed continuous monitoring activities.
Control group: Supervisory visit After randomisation, supervision will be provided every three months to the control group. Members of the Provincial Health Department and/or the Provincial Hospital will visit district hospitals to observe whether district health workers are providing appropriate care through direct observation and/or chart review and whether there are sufficient essential medicines and equipment available using standardised checklists. Provincial supervisors will also interview mothers who gave birth at a hospital to determine whether they have received appropriate care. Provincial supervisors will give feedback to district health workers as needed and ask them to solve any problems that are detected.
Endpoints
The primary endpoint is the change in determinants of EENC performance amongst health workers. Secondary endpoints are 1) EENC knowledge, 2) EENC skills and 3) hospital environmental changes facilitating implementation of EENC. We will also compare the cost of monitoring activities between the two groups. Measures and schedule of data collection are explained in the next section. Figure 2 shows the trial schedule. After identifying potentially eligible participants, a trained research staff member at the central or provincial level will explain the goals and procedure of the study to them, invite them to participate and obtain written consent from those who desire to participate after the explanation.
Participant timeline
District hospitals that have not yet received EENC coaching will receive coaching before randomisation. Pre-coaching evaluation will be done to measure determinants of EENC performance and knowledge related to neonatal care before the introduction of EENC.
After the coaching, the districts will be randomly allocated into two groups. A research team member will distribute and explain a structured questionnaire to be filled out by the district participants to measure determinants of EENC performance and will administer written and simulation tests to measure EENC knowledge and skills. The collected data will be used as baseline data.
District hospitals that are allocated into the intervention group will receive a half day of on-the-job training on self-managed continuous monitoring. A research staff member will explain the concept, schedule, procedure and checklists of self-managed continuous monitoring.
After randomisation, district hospitals in the intervention group will conduct self-managed continuous monitoring and submit quarterly reports to the province. In the control group, provincial supervisors who are not involved in the research will visit districts every three months to supervise implementation of EENC and give feedback to district health workers.
Study participants will be monitored until one year after entry into this study or withdrawal from the study for any reason. The date of the final evaluation will be determined once a schedule for enrolment is set for each district. We will allow a variation of a month around the endpoint for timing of the final evaluation. The outcome data on participants who withdraw from the study before one year will be collected at the time of withdrawal.
Sample size and power calculation
The number of clusters, or district hospitals, is 15. We will recruit 15 health workers from each of the 15 district hospitals, 225 in total. This study is designed to detect at least a 5-point increase in the score for determinants of EENC performance (behaviour change) in the intervention group compared to the control group with 80% statistical power at a significance level of 0.05 using a 2-tailed test. There has been no previous cluster randomized studies carried out in Lao PDR. Therefore, we assume that the intra-cluster correlation coefficient (ICC) is 0.06 and that the effect size is 0.6 by referring to previous cluster RCTs in developing countries [26] . We examined the statistical power of this cluster size with this ICC and effect size. In previous studies that used the questionnaire of Planned Theory Behaviour, the largest variance in the score was 6.86 [27] . Given that variance, we expect to detect a difference of 4.1 points in the score for determinants of EENC performance with an effect size of 0.6, which is smaller than the 5-point difference we expect to detect. We, therefore, believe that this sample size is large enough to test the primary outcome.
Data collection, management and analysis Data collection
Data will be collected from results of a questionnaire, written and simulation tests and checklists by central and provincial officials, who will have been trained prior to commencing the study. An in-depth interview of health workers is planned to take place at the final evaluation to identify key factors in the success of implementing activities related to the EENC.
Determinants of EENC performance amongst health workers Determinants of EENC performance by health workers will be quantified by using a structured questionnaire (Additional file 2) that was developed based on the Theory of Planned Behaviour. [27] [28] [29] [30] The questionnaire will measure determinants of behaviour: attitude, subjective norms, perceived behaviour controls and behaviour intentions that would influence future behaviour. The higher the total score of the determinants, the higher the likelihood of staff practising EENC in their daily work. Data will be collected six times from both groups during the study period: 1) before EENC coaching, 2) immediately after randomisation, 3) three months after randomisation, 4) six months after randomisation, 5) nine months after randomisation, and 6) one year after randomisation. Provincial officials will remind by telephone each district to fill out their own questionnaire every three months. Administered questionnaires will be saved in each district until provincial supervisors or assessors visit the district, at which point they will collect the questionnaires and submit them to the investigators. In the intervention group, checklists used for the self-managed continuous monitoring and interviews with pregnant women who receive the EENC will be stored and compared with the results of the questionnaire.
Knowledge of EENC amongst health workers Data will be collected three times in both groups during the study period: 1) before EENC coaching, 2) immediately after randomisation, and 3) one year after randomisation. We will use written tests to quantify the level of knowledge of EENC (Additional file 3). The data will be collected when provincial officials visit the districts.
Skills for EENC amongst health workers Data will be collected twice in both groups during the study period: 1) immediately after randomisation and 2) one year after randomisation. We will use simulation tests to quantify the level of skills for EENC (Additional file 4). The data will be collected when provincial officials visit the districts.
Hospital environmental changes facilitating implementation of EENC The data will be collected twice in both groups during the study period: 1) before randomisation and 2) one year after randomisation by the provincial officials. We will use a checklist designed by the Lao MoH and the WHO to quantify the district hospital's level of commitment and the availability of essential equipment, commodities, medications and human resources in each facility (Additional file 5).
We will also compare the cost spent for maintenance activities between the intervention and control groups.
Potential confounders We will collect participants' demographic data such as age, sex, ethnicity, title, position and professional experience at baseline. A self-administered questionnaire will be used (Additional file 6). Data on those who discontinue participation will be collected at the time of dropping out.
Data management
Collected paper data will be handed to the collaborating organisation and stored in the WHO Lao County Office. All documents will then be moved to the office at Teikyo University Graduate School of Public Health for data entry and coding. Double data entry will be conducted to minimise error. Personal information will be anonymised by allocating an identification number for each participant. A list of identification numbers is available when a participant must be identified. We will keep both paper and electronic data in the research office of the Teikyo University Graduate School of Public Health in a secure manner. Data will be kept at least five years after study completion, then discarded. Anonymised data could be shared with collaborating organizations such as the Lao MoH and the WHO.
Data analysis
To ensure that cluster randomisation is successful, the significance of differences between the intervention and control groups for the baseline characteristics of participants such as age, sex, position, experience in years will be examined using the chi-squared test and t-test.
The primary endpoint is the change in determinants of EENC performance (behaviour change) from baseline to one year after randomisation. We expect a larger increase in the score of determinants of EENC performance in the intervention group than in the control group. The difference between the two groups will be examined based on an intention to treat (ITT) principle with the full analysis set. The imputation of missing data will be performed using the last observation carried forward method (ITT/LOCF) and a multiple imputation method (ITT/MI) using chained equations under the assumption of missing at random.
We will use a linear random-effects mixed model employing the maximum likelihood method. We will perform a crude analysis and then adjust the results with baseline variables and other multiple variables. The same method will be used for analysing secondary outcomes such as changes in scores for skills and knowledge of EENC. Changes in the average score of the written and simulation tests between baseline and one year after randomisation will be compared between the intervention and control groups.
Sensitivity analyses will be planned using the per protocol set (PPS). A significance level of 5% with two tailed testing will be applied for all significance analyses. We will also perform subgroup analyses to assess whether the effect of self-managed continuous monitoring on EENC quality varies amongst the five main components of EENC (clean birth process, provision of warmth, support for early initiation and exclusiveness of breastfeeding, hygiene cord care and basic neonatal resuscitation).
All statistical analyses will be performed using SAS version 9.4 for Windows (SAS Institute, Cary, NC, USA).
Confidentiality
Personal data will be anonymised to ensure participants' confidentiality. The list of identification numbers will be created electronically and saved separately from the rest of the data. Only anonymised data will be used for dissemination of outcomes. The list of identification numbers will not be shared with any stakeholders and will be discarded five years after completion of this study.
Monitoring
Data and safety monitoring
The monitoring team is independent from the investigators and coordinating organizations. The monitoring team consists of three members from the Lao PDR MoH, The Center for International Child Health (The University of Melbourne) and Teikyo University. They will monitor the number of neonatal deaths in the target districts every three months after the start of the study. Should a significant difference in neonatal mortality arise between before and after this study or between the intervention and control groups, the monitoring team would start an investigation. We will use a significance level of 5%. The monitoring team and investigators would decide to discontinue or modify interventions should the investigation reveal that the increase in mortality is likely due to this study.
Follow-up of adverse events
Severe maternal and neonatal outcomes due to delayed and/or inappropriate care could occur as a result of this study. Neonatal deaths in the target areas are routinely reported through the health information system. Those data are available online.
Protocol amendments
If protocol modifications were needed, investigators would immediately report those to the ethics committee/institutional review board and explain the modifications to the trial participants and collaborating partners (Lao MoH, WHO). Amendments to the protocol will be updated in the trial registry as well.
Access to data
Investigators will have access to the final trial dataset. The monitoring team and REC/IRB will have access to data if ethical considerations arise. Investigators will share the anonymised data with collaborating organizations, the Lao MoH and the WHO when requested.
Ancillary and post-trial care
This study may impose time and mental burdens on participants, especially those in the intervention group because district hospitals in the intervention group must conduct self-managed continuous monitoring activities quarterly. However, EENC is expected to be routinely provided at every birth in Lao PDR. Therefore, introduction of EENC itself will not require participants to do additional work. We anticipate that the burden of additional questionnaires and exams on participants will be trivial. We will consider implementing refresher EENC coaching if there is an increase in neonatal deaths in district hospitals and if health workers have a lower level of knowledge and skills for EENC at the end of this study compared to the baseline.
Dissemination policy
Study results will be promptly shared with trial participants, provincial and district offices/hospitals, the Lao MoH and the WHO. Results will be reported at academic conferences nationally and internationally. The results will also be disseminated in academic publications. Authorship eligibility principally follows recommendations of the International Committee of Medical Journal Editors (ICMJE) [31] .
We will provide the Lao MoH with feedback on the most effective method for maintaining quality of EENC. We will work with the WHO to extract lessons learnt for improved EENC guidelines in the Western Pacific Region.
Discussion
Maintaining quality of newborn care is essential to prevent neonatal deaths; however, supervision of medical professionals imposes a heavy burden on the health system in resource-limited countries. Self-managed continuous monitoring of newborn care could be an alternative, sustainable and cost-effective method to address this issue. This trial is remarkable in terms of its novelty, timing and impact on the country's policy. As far as we know, this is the first trial to test the effectiveness of self-managed continuous monitoring to maintain quality of EENC at the district level in a resource-limited country. This trial is very timely because the Lao MoH have decided to scale up EENC to the district level in 2017 and beyond. The EENC will be initially implemented in the targeted areas of this trial. Therefore, trial findings could change the strategic direction of EENC quality maintenance in other provinces in the country. Ensuring EENC of high quality on a large scale will reduce preventable neonatal deaths and minimise health disparities. As this trial is conducted in a resource-limited country, the results could influence activities in other countries. In conclusion, this trial will provide timely and essential information on an effective, practical and sustainable intervention aimed at maintaining quality of EENC in the wider area of the country and region. A limitation of this study is that given that the intervention consists of several elements, unravelling the effect of each element and its mechanism in improving quality of care could be difficult. Another limitation is that this study does not focus on respectful attitudes towards service takers. As respectful care is an important element of quality, further investigation on improvement of health workers' attitudes would be necessary.
